In seagrass habitats, high structural complexity often enhances prey survival by reducing predator-prey encounter rates and predator foraging success. However, faunal density and biomass typically increase with seagrass structural complexity, such that variation in prey or predator density may contribute to or alter relationships between structural complexity and prey survival. We determined whether variability in prey density alters relationships between seagrass structural complexity and (1) prey survival, (2) predator-prey encounter rates, and (3) behavioral components of predator-prey interactions in eelgrass Zostera marina habitat. Using transplanted eelgrass in laboratory mesocosms, we compared trends in meso predator (juvenile giant kelpfish Heterostichus rostratus) feeding success and behavior, and predator avoidance behavior by prey (grass shrimp Hippolyte californiensis) between experiments in which we (1) held prey density constant while increasing eelgrass shoot density, or (2) increased prey density while increasing eelgrass shoot density. We found that increasing prey density (but not eelgrass density) enhanced proportional prey survival and decreased the probability that mesopredators would attack prey, whereas increasing eelgrass density (but not prey density) decreased the likelihood that prey would attempt to escape from mesopredator attack. Predator-prey encounter rates were influenced both by prey density and eelgrass density, whereas mesopredator attack success was not influenced by either eelgrass density or prey density. Our results suggest that variable prey density modifies relationships between habitat structure and prey survival through a variety of behavioral mechanisms, and that factors that covary with habitat structure, such as prey density, may alter the effects of habitat structure on predation.
INTRODUCTION
Habitat structure, the physical arrangement of objects in space, strongly influences organismal abundance and diversity in terrestrial, freshwater, and marine ecosystems (Willson 1974 , Gorman & Karr 1978 , Heck & Crowder 1991 , McCoy & Bell 1991 , Petren & Case 1998 , Beck 2000 . A primary way in which habitat structure influences communities is through its influence on predator-prey relationships. A paradigm regarding the ecology of structured habitats is that predators are inhibited from finding and capturing prey by biotic or abiotic elements of habitat structure (e.g. Crowder & Cooper 1982 , Stoner 1982 , Orth et al. 1984 , Gotceitas & Colgan 1990 , Heck & Crowder 1991 , which results in decreasing rates of predation (and increasing rates of prey survival) with increasing structural complexity or habitat heterogeneity (van Dolah 1978 , Coen et al. 1981 , Summerson & Peterson 1984 , Savino & Stein 1989 , Graham et al. 1998 , Kunkel & Pletscher 2000 , Anderson 2001 , Orth & van Montfrans 2002 , Tarr & Babbitt 2002 , Davis et al. 2003 . A variety of factors mediate this relationship, however, leading to variability in habitat-survival functions among studies, species, and habitats. At small scales (i.e. within patches), the size of predator and prey organisms relative to the size and spacing of structural elements may influence prey visibility and the ability of predators to maneuver through the habitat (Crowder & Cooper 1982 , Bartholomew et al. 2000 , Manatunge et al. 2000 . Behavioral responses of prey and predators to structure, including predator foraging modes (Ryer 1988 , Michel & Adams 2009 and prey microhabitat selection, activity levels, and decisions to hide or flee from predators (Stein and Magnuson 1976 , Cook & Streams 1984 , Main 1987 , may also change with habitat structure and may influence predator-prey encounter rates. Encounter rates may also be influenced by habitat selection by predators, which may select highly complex patches in response to elevated prey density or in response to threats from higher-order predators (Gotceitas & Colgan 1990) , or may select habitat patches of reduced complexity to trade off predation risk for foraging success (Crowder & Cooper 1982 , Werner et al. 1983 , Mullin & Gutzke 1999 . Finally, aspects of habitat structure at landscape scales, including proximity to the patch edge (Gates & Gysel 1978 , Paton 1994 , Bologna & Heck 1999 , Selgrath et al. 2007 , patch size (Andren 1994 , Robinson et al. 1995 , Irlandi 1997 , and landscape context (Donovan et al. 1997) , may exert strong influence on the ability of predators to find and capture their prey, and may alter relationships between structural complexity and prey survival (Hovel & Fonseca 2005) .
Seagrasses form complex above and below ground structures in shallow marine systems around the world, and thereby serve as important foraging and refuge habitats for a great number of vertebrate and invertebrate organisms (Williams & Heck 2001 ). Due to their refuge value, diverse epifaunal and infaunal communities, and concerns about widespread and accelerating loss and degradation of seagrass habitat (Orth et al. 2006) , they have also been widely used as important experimental model systems to determine how habitat structure at multiple spatial scales influences prey survival and predator foraging success (see reviews by Orth et al. 1984 , Heck & Crowder 1991 , Orth 1992 . In seagrass habitats, survival of epifaunal prey such as small crustaceans (e.g. amphipods, isopods, grass shrimp, and newly settled blue crabs) is often optimal at high levels of structural complexity (commonly measured as shoot density, shoot height, or biomass per unit area) (Heck & Thoman 1981 , Heck & Crowder 1991 , Hovel & Lipcius 2001 . However, epifaunal density (Stoner 1980 , Heck et al. 1989 , Orth 1992 , Beck 2000 and diversity (Heck & Wetstone 1977 , Attrill et al. 2000 , Moore & Hovel 2010 ) also typically increase with seagrass structural complexity. Therefore variability in prey survival with seagrass structure may be due both to effects of structure on predator foraging success, and to variation in prey or predator density and community composition with structure. For instance, prey survival did not increase with seagrass structural complexity when prey and predator densities were experimentally increased with structural complexity (Mattila et al. 2008 ; see also Canion & Heck 2009 ), which contrasts the results of numerous studies using constant densities of prey and predators across gradients of habitat structure. Variability in organismal densities with habitat structure therefore should be considered when designing experiments to test for effects of habitat structure on survival (Mattila et al. 2008) .
Our goal in this study was to determine whether variability in prey density alters relationships between seagrass structural complexity and (1) prey survival, (2) predator-prey encounter rates, and (3) behavioral components of predator-prey interactions in eelgrass Zostera marina habitat. To accomplish this we conducted mesocosm-based predation experiments using 2 canopy-dwelling species that are abundant in the eelgrass beds of southern California, the mesopredatory juvenile giant kelpfish Heterostichus rostratus and one of its common prey species, the epifaunal grass shrimp Hippolyte californiensis.
MATERIALS AND METHODS

Study species
We chose juvenile Heterostichus rostratus (hereafter 'kelpfish') and Hippolyte californiensis (hereafter 'grass shrimp') for our study species due to their high abundance (reaching densities of ca. 2 and 2000 ind. m −2 in southern California eelgrass habitat, respectively; Moore & Hovel 2010) and their strong trophic linkage. Though the most abundant epifaunal prey item found in the guts of juvenile giant kelpfish are amphipods, grass shrimp are a common component of the diet, composing up to 20% of the biomass in kelpfish guts (Moore & Hovel 2010) . These 2 species also represent groups of vertebrate mesopredators and invertebrate grazers that may exert strong top-down control on seagrass growth and abundance via their predator-prey interaction (Valentine & Duffy 2006) . Kelpfish are active predators that swim slowly within the eelgrass canopy searching for epifaunal prey such as grass shrimp, which are often found clinging to eelgrass blades where they consume epiphytic algae (K. Hovel pers. obs.).
We collected kelpfish (80 to 120 mm fork length [FL]) with a beach seine and grass shrimp by dip netting within shallow subtidal seagrass habitat in San Diego Bay, California. Collections were performed frequently throughout the experimental period to prevent holding organisms for >10 d and to avoid reusing animals in the experiments. Kelpfish and grass shrimp were held in a recirculating seawater system at the Coastal and Marine Institute Laboratory, San Diego State University, before use in experiments. Kelpfish were fed grass shrimp ad libitum for 6 d while in captivity and were starved for 2 d before being used in trials. Water temperature was held constant at 20°C throughout the experiments.
Experimental design and procedure
We conducted experiments within glass mesocosms (122 × 61 × 61 cm) filled to a depth of 8 cm with clean beach sand and then with recirculating seawater to a depth of 45 cm. We varied structural complexity within mesocosms by transplanting eelgrass from San Diego Bay to create 6 shoot densities, each randomly assigned to 1 mesocosm: 20, 40, 80, 160, 250, or 320 shoots m −2 . These values are relatively low for many eelgrass habitats worldwide; however it was necessary to cap our range of shoot densities at 320 m −2 because it was very difficult to observe grass shrimp at higher shoot densities in preliminary trials. Our results and conclusions thus apply only to relatively low levels of eelgrass habitat structure. To examine the relative effects of varying prey density and varying structural complexity on prey survival, encounter rates, foraging behavior of predators, and predator avoidance behavior by prey, we conducted 2 experiments, one in which grass shrimp density was held constant across the 6 levels of structural complexity, and one in which grass shrimp density increased with structural complexity. We used a density of 20 shrimp per mesocosm in the constant prey density experiment, and in the variable prey density experiment we increased shrimp density proportionally with shoot density to maintain an approximate ratio of 1 grass shrimp for every 2 to 3 shoots (Table 1) . Our prey densities are comparable to those occurring at our collection site (Moore & Hovel 2010) and using these prey density levels allowed us to recover 100% of grass shrimp at the conclusion of trials with minimum disturbance to transplanted eelgrass.
Before transplantation, intact eelgrass shoots were rinsed to remove sediment, macroalgae, and large organisms, and then were soaked in freshwater for 30 min to remove remaining epifauna from the blades. Shoots were added to mesocosms by tying rhizomes to randomly selected points on a plastic grid buried beneath the sediment. Blades then were trimmed to be flush with the water's surface. Shoots began to decay after ~2 wk, at which point mesocosms were randomly assigned a new shoot density treatment and all shoots within each mesocosm were replaced with fresh ones from San Diego Bay. To minimize disturbance by observers during predation trials, we covered 3 sides with opaque white plastic sheeting, and placed a mesh blind over the remaining side. Mesocosms were illuminated by 2 fluorescent Coralife ® aquarium bulbs during trials.
Prior to the start of a trial, the experimental tanks were cleaned of any seagrass detritus and detached seagrass blades, and shoots, if necessary, were haphazardly replaced. Grass shrimp (12 to 20 mm total length) then were added to the tank and were allowed to acclimate for 30 min, after which time the FL of 1 kelpfish was measured and the kelpfish was placed in a plastic mesh container floating within the mesocosm. After 15 min of acclimation, the kelpfish was released by gently inverting the basket and at this point the trial began. For each 75 min trial, 1 observer recorded kelpfish behaviors and 1 observer recorded grass shrimp behaviors using voice re - corders (see 'Predator and prey behaviors' below). After 75 min, we removed the kelpfish from the mesocosm and collected all surviving shrimp by dipnetting for 15 min, which was found to be 100% effective at recovering grass shrimp in pilot experiments using up to 80 grass shrimp without the presence of kelpfish. At the conclusion of each trial, the kelpfish was placed in a plastic container without seagrass in which it was offered an additional 5 'post-trial' grass shrimp for 10 min, after which time we counted the number of post-trial grass shrimp remaining. This was done to determine whether grass shrimp survival rates and kelpfish behaviors could be influenced by satiation as well as structural complexity and prey density, particularly at low levels of structural complexity or high levels of prey density (see 'Statistical analysis' below). We conducted 4 replicates for each structural complexity treatment with constant shrimp density (n = 24), and 6 replicates for each shoot density with variable shrimp density (n = 36) between March and October 2009.
Predator and prey behaviors
We quantified several distinct components of predator-prey interactions that affect predator foraging efficiency and that may be influenced by structural complexity or prey density (Ryer 1988 ; see Table 2 ). (1) We identified a predator-prey encounter as an obvious fixation of both eyes of the kelpfish on a grass shrimp, accompanied by a halt in swimming (sensu Ryer 1988) . Thus, an encounter involves an obvious detection of prey by kelpfish, but would not include a 'passive' detection made without an obvious change in kelpfish behavior, which we would not be able to identify. In addition to counting the number of encounters per trial, we divided the number of encounters by the starting number of prey to serve as a measure of the probability that an individual grass shrimp would encounter a kelpfish.
(2) After detecting prey, predators must choose whether to attack, and attacks may or may not be successful. We therefore calculated the proportion of encounters that resulted in attacks by kelpfish and the proportion of attacks that were successful. Though we also counted the number of unsuccessful attacks that were followed by a pursuit of prey by kelpfish, there were too few pursuits to conduct statistical analysis. (3) We quantified the total number of seconds kelpfish spent in motion, and calculated proportional kelpfish activity by dividing the number of seconds spent in motion by the total number of seconds in a trial (4500). High rates of activity suggest predators are engaging in active hunting, whereas low rates of activity suggest a sitand-pursue strategy (Savino & Stein 1989 , Michel & Adams 2009 ). (4) Predator foraging efficiency also may depend on the tendency of prey to detect predators and attempt to flee from them, and we therefore calculated the proportion of encounters that resulted in escape attempts by grass shrimp prey (before an attack or after an unsuccessful attack), and the number of times shrimp switched sides of seagrass blades ('side switching'). Side switching was used by the grass shrimp Tozeuma carolinense to avoid being detected or pursued by predators (Main 1987 ) and we observed Hippolyte californiensis performing this behavior in pilot experiments. To record side switching, we haphazardly selected individual shrimp to observe for 5 min intervals, during which we recorded the number of switches. The total number of switches observed during a trial was divided by the number of shrimp observed (11 per trial on average) to yield an average frequency per 5 min interval.
Statistical analysis
For the analysis of grass shrimp proportional survival, we first determined whether possible satiation of the kelpfish at low levels of structural complexity or at high levels of prey density was influencing apparent effects of structural complexity and prey density on prey survival rates. We used linear regressions to determine whether the number of post-trial grass shrimp consumed by kelpfish varied with seagrass shoot density in the constant prey density experiment, or with grass shrimp density in the variable prey density experiment. We found no relationship between structural complexity and the number of post-trial grass shrimp consumed by kelpfish in the constant prey density experiment (df = 1, 22, F = 2.2, p = 0.14, r 2 = 0.05). For the variable prey density experiment, kelpfish consumed at least some of the offered post-trial grass shrimp at all prey density levels, but the total number of post-trial grass shrimp consumed decreased with grass shrimp density (df = 1, 32, F = 12.1, p = 0.001, r 2 = 0.25). To ensure that this did not result in artificially inflated rates of survival at high levels of grass shrimp density, we calculated an adjusted grass shrimp proportional survival for our 2 highest density treatments by dividing the number of surviving grass shrimp by the maximum number of shrimp (49) a fish was observed to eat over 75 min in pilot experiments. All other shrimp densities were below the maximum number that kelpfish were observed to eat, so for those densities grass shrimp proportional survival was calculated by dividing the number of surviving grass shrimp by the starting number of shrimp.
We used linear regression, non-linear regression, and a comparison of slopes procedure (Zar 2009 ) to test whether the influence of structural complexity on grass shrimp proportional survival, as well as all behavioral variables, differed between the 2 grass shrimp experiments (constant versus variable prey density). We originally included fish FL as an independent variable in our analyses, but removed it from final analyses as it did not contribute significantly to statistical models. For each dependent variable (see Table 2 ), we first ran separate least-squares linear regressions to obtain best-fit lines and residuals for each experiment. If data appeared strongly heteroscedastic across structural complexity treatments and included 1 or more extreme outliers (i.e. standardized residual ≥ 3.0), we used least-trimmed squares robust regression rather than linear regression to generate best-fit lines (Gotelli & Ellison 2004 ). If, upon visual inspection, residuals from both regressions were random, we then tested whether effects of structural complexity on the dependent variable differed between the constant and variable shrimp treatments using a t-test for equality of slopes (Zar 2009 ). If the residuals from 1 or both initial regressions appeared non-random, we used quadratic regression to test for a non-linear relationship between the dependent variable and seagrass structural complexity. We assumed the relationship to be non-linear if the quadratic regression was significant and explained a larger proportion of the variance in the dependent variable than did the linear regression (Zar 2009) .
Several outcomes were possible for each dependent variable examined in our experiments. (1) Significant relationships between structural complexity and the dependent variable may be similar (i.e. have equal slopes) between the 2 experiments. This would suggest that structural complexity, but not prey density, influences the dependent variable.
(2) Significant relationships between the dependent variable and structural complexity may be dissimilar between the 2 experiments, which would suggest that structural complexity influences the dependent variable, but variable prey density modifies this relationship.
(3) A significant relationship between the dependent variable and structural complexity may exist only for one of the experiments. For instance, if a relationship between the dependent variable and structural complexity exists only when prey density increases with structural complexity, this would suggest that (1) only prey density influences the dependent variable, or (2) the effects of structural complexity and prey density are additive. We were not able to distinguish between these 2 possibilities because we did not vary prey density while standardizing structural complexity. We did not include such an experiment because we were interested in whether variability in prey density would alter the relationship between structural complexity and each dependent variable.
(4) Lack of a significant relationship between the dependent variable and structural complexity in both experiments would suggest that neither structural com plexity nor prey density influence the dependent variable.
RESULTS
Grass shrimp survival
Relationships between seagrass structural complexity and grass shrimp proportional survival differed between experiments: proportional survival was correlated with structural complexity only when prey density increased with structural complexity (Table 2, Fig. 1 ). Thus, grass shrimp density rather than structural complexity influenced proportional survival, or the effects of the 2 independent variables on survival were additive. A hyperbolic line provided the best model fit, indicating that proportional grass shrimp survival increased with shrimp density and structural complexity relatively rapidly at low to moderate shrimp densities, but leveled off thereafter (Fig. 1) .
Components of predator efficiency
Both structural complexity and prey density influenced the total number of encounters during a trial, as well as the number of encounters per prey (Table 2, Fig. 2 ). Encounters per trial decreased linearly with structural complexity when prey density was held constant, but there was a parabolic relationship between encounters and structural complexity when prey density varied. Thus, increasing prey density from low to intermediate levels increased encounter rates despite increases in structural complexity, but encounter rates decreased from interme-diate to our highest levels of structural complexity despite increases in prey density ( Fig. 2A ). In contrast, the probability that an individual grass shrimp prey would encounter a kelpfish (i.e. encounters per prey) decreased both for constant shrimp density and variable shrimp density, but the relationship was linear for constant shrimp density and non-linear for variable shrimp density (Table 2, Fig. 2B ). We therefore conclude that both structural complexity and prey density influence encounters per prey because varying prey density with structural complexity altered the nature of the relationship. The magnitude of the difference between the 2 experiments was highest at the lowest levels of structural complexity, and therefore low prey density increased the proba-bility that a grass shrimp would encounter a kelpfish at very low structural complexity. Attack probability decreased linearly with structural complexity only when shrimp density in creased with structural complexity; therefore prey density, but not structural complexity, influenced the probability that kelpfish would attack prey after detecting them ( Table 2 , Fig. 3A ). Though this could result from additive effects of the 2 inde pendent variables, we conclude that this is unlikely because the slope of the best-fit line for attack probability versus structural complexity was nearly zero. Kelpfish attacked detected prey 100% of the time at very low prey densities, but on average attacked ca. 75% of the time at the highest prey density. In contrast, neither structural complexity nor prey density influenced proportional attack success by kelpfish (Table 2 , Fig. 3B ). On average, kelpfish were successful oñ 66% of attacks when prey density was held con-stant, and successful on 72% of attacks when prey density varied.
There was little evidence for a correlation between proportional activity and structural complexity for either experiment (Table 2, Fig. 4) . However com parison of slopes in Fig. 4 provided relatively strong evidence that the relationship between proportional kelpfish activity and seagrass structural complexity differed between the 2 experiments (p = 0.06).
Prey behaviors
Overall, grass shrimp attempted to escape on 46.8% (± 4.7% SE) of encounters with kelpfish, with 80% of escapes coming after a kelpfish had initiated an attack. Structural complexity, and not prey density, influenced grass shrimp escape attempts: the proportion of en counters on which shrimp attempted to escape decreased with structural complexity regardless of constant or varying prey density (Table  2 , Fig. 5A ). Both relationships were non-linear, precluding a comparison of slopes between treatments, but relationships were similar enough to conclude that prey density had little effect on the tendency for prey to attempt escape. We found no evidence that structural complexity or prey density influenced the frequency that grass shrimp switched sides of seagrass blades (Table 2, Fig. 5B ). Shoot density (no. m -2 ) Fig. 4 . Heterostichus rostratus. Relationship between seagrass shoot density and the proportion of trial time that juvenile giant kelpfish spent in motion in mesocosm experiments in which shrimp density increased as seagrass shoot density increased (V, d) or remained constant as shoot density increased (C, s). Dashed lines represent non-significant regressions and are shown to illustrate results for slopes comparison
DISCUSSION
A primary conclusion from our experiments is that variability in prey density may influence survival and the behavioral mechanisms involved in predatorprey interactions as much as, or more than variability in structural complexity, at least at the relatively low levels of eelgrass structural complexity used in our experiments. Specifically, we found that prey survival only increased with eelgrass structural complexity when prey density also increased with structural complexity, and that prey density modified the effects of structural complexity on several components of predator-prey interactions, including encounter rates and decisions by predators to attack prey. Our results suggest that mechanisms by which habitat structure appears to influence predator-prey interactions should not be taken for granted, and that it is important to consider factors that often covary with habitat structure in nature, such as organismal densities and behaviors, when assessing the outcomes of predator-prey interactions in structurally complex habitats (Savino & Stein 1982 , Ryer 1988 , Mattila et al. 2008 , Stoner 2009 ).
Prey survival, prey density, and structural complexity
Habitat structure and prey density both strongly influence prey survival in terrestrial and marine habitats. Though various studies have addressed how variability in habitat structure influences relationships between prey density and prey survival (e.g. effects of habitat on predator functional response; Lipcius & Hines 1986 , Sponaugle & Lawton 1990 , Moksnes et al. 1997 , Seitz et al. 2001 ) far fewer studies have addressed the converse (i.e. how variable prey density influences effects of habitat structure on prey survival; Mattila et al. 2008) . In one of the few studies that tested relative effects of structural complexity and prey density on predator foraging efficiency, Gotceitas & Colgan (1990) found that rates of predator (bluegill sunfish) consumption of damselfly nymph prey were higher in simulated aquatic vegetated habitat with high levels of prey density, even when high prey density patches had 5-fold higher stem density than low prey density patches. This suggests that positive effects of prey density on predator consumption rates offset negative effects of structural complexity. Our results were similar in that prey density had a strong influence on prey survival, but in our study system predator consumption rates decreased rather than increased with prey density. In contrast to our study and to Gotceitas & Colgan (1990) , consumption of epibenthic amphipods by the predatory pink shrimp Farfantepenaeus duorarum in Gulf of Mexico seagrass beds decreased with habitat structural complexity, but did not vary with amphipod density (Corona et al. 2000) .
The common belief that increasing seagrass structural complexity automatically results in decreased predator efficiency, and increased prey survival, has been questioned in recent studies. Using shrimp (Palaemonetes pugio) as prey and pinfish Lagodon rhomboides as predators, Mattila et al. (2008) and Canion & Heck (2009) found that prey survival did not increase with simulated seagrass (Thalassia tes- Dashed lines represent non-significant regressions and are shown to illustrate results for slopes comparison tudinum) structural complexity in laboratory experiments in which prey and predator densities both were increased with structural complexity. These results led Mattila et al. (2008) and Canion & Heck (2009) to suggest that high levels of seagrass structural complexity may not enhance prey survival as commonly as believed, because prey and predator densities often increase with structural complexity in naturally occurring seagrass habitat. We chose to hold predator density constant in our experiments because we wanted to focus on the interactive effects of structural complexity and prey density, which commonly covary in seagrass habitat. Moreover, results of throw-trap sampling in San Diego Bay from June to August 2010 suggest that kelpfish density does not increase with eelgrass shoot density (df = 1, 28, F = 2.1, p = 0.16, r 2 = 0.04; K. Hovel unpubl. data). Nonetheless, our conclusions regarding prey survival may have differed had we increased predator density along with prey density and eelgrass structural complexity. What is important to conclude from our study as well as from Mattila et al. (2008) and Canion & Heck (2009) is that the effects of seagrass habitat structure on prey survival depend on organismal densities as well as on structural complexity.
Behavioral components of predator-prey interactions
Though studies documenting relationships between prey survival and habitat structure are common in marine systems, relatively few studies have examined the specific mechanisms by which habitat structure influences predator-prey interactions (but see Ryer 1988 , Ryer et al. 2004 , Stoner 2009 ). We are not aware of any study that has examined the relative effects of habitat structure and prey density on these mechanisms in structured marine habitats (but see e.g. Manatunge et al. 2000 for an example of this approach with freshwater macrophytes). There are several components to predator-prey interactions, each of which may be influenced by structural complexity and prey density (Ryer 1988) : (1) prey detection by predators, (2) decisions by predators to attack prey, (3) predator success in capturing prey, and (4) decisions by predators to pursue prey in the event they are unsuccessful. In addition, habitat structure and prey density may influence (5) the ability of prey to detect threats from predators and to take action to avoid attacks (Savino & Stein 1982 , Ryer et al. 2004 . By examining each of these behav-ioral components, the mechanisms structuring relationships between prey survival (or conversely predator foraging success) and habitat structure can be elucidated.
Our results suggest that seagrass structural complexity and prey density drive patterns of prey survival primarily through variability in rates of prey detection by predators, and that variability in prey density plays an important role in determining the likelihood that an individual prey organism encounters a predator. We found an inverse correlation between seagrass structural complexity and per capita encounter rates regardless of whether prey density increased with seagrass structure or remained constant. However, per capita encounter rates decreased quickly to a lower plateau when prey density increased with structural complexity, but decreased only slightly (though significantly) with structural complexity when prey density was held constant (Fig. 2B) . Concomitantly, proportional prey survival increased quickly to an upper plateau as prey density and structural complexity increased, but increased only slightly (and non-significantly) with structural complexity when prey density was held constant. Decisions by predators to attack detected prey also may have played a role in the outcome of our experiments. A moderate decrease in attack probability as prey density increased may have strengthened the relationship between survival and prey density, thereby contributing to differences in survival between our 2 experiments.
Prey behavior also may have influenced patterns of prey survival. The decrease in grass shrimp escape attempts with structural complexity is likely due to reduced ability of grass shrimp to detect approaching and attacking predators. Though there were similar patterns between the 2 experiments, differences among levels of structural complexity in the ability of grass shrimp to detect predators appeared to be somewhat larger when prey density was held constant than when prey density varied. This suggests that the lack of a positive effect of structural complexity on grass shrimp survival may have been partially due to decreased ability of grass shrimp to detect threats as structural complexity increased. Though it is unclear why increasing prey density with structural complexity would slightly modify this effect, one possibility is that grass shrimp observe more escape attempts from conspecifics when prey density is high, and therefore are more vigilant. Regardless of whether prey density increased with structural complexity or remained constant, the overall frequency of prey escape attempts was relatively small, suggesting that prey behavior played less of a role than predator behavior in structuring prey survival. We suggest, however, that theories on effects of habitat structure of prey survival should incorporate the concept that increasing habitat structure may work to conceal foraging predators as well as vulnerable prey (Griesser & Nystrand 2009 ).
Reduced predator-prey encounter rates in highly complex habitats are commonly caused by interference of structural elements with predator vision. For instance, largemouth bass Microterus salmoides detection of prey (bluegill sunfish Lepomis macrochirus) decreased with increasing density of artificial plant stems, though differences in prey behavior among stem densities also influenced predation success (Savino & Stein 1982) . Pipefish Sygnathus fuscus detection rates of amphipod prey were lower in structurally complex artificial seagrass than in structural simple artificial seagrass (Ryer 1988) , and detection of Daphnia pulex by the topmouth gudgeon Pseudorasbora parva decreased with increasing densities of artificial macrophyte stems (Manatunge et al. 2000) . In contrast, sponge habitat structure did not decrease detection rates of juvenile rock sole Lepidopsetta polyxstra and age-0 Pacific halibut Hippoglossus stenolepis by predatory age-2 Pacific halibut in laboratory experiments; rather, sponges served as a barrier to predator movement, thus interfering with predator search and capture (Ryer et al. 2004) .
Predator activity levels often decrease with habitat structure as predators switch from active searching to sit-and-pursue predation (Savino & Stein 1982 , Ryer 1988 , Michel & Adams 2009 ), which may help reduce the negative effects of structural complexity on foraging efficiency. Predatory beetle (Dytiscus spp.) larvae switched from actively foraging to a sitand-pursue foraging strategy as structural complexity increased, resulting in similar rates of prey capture among levels of structural complexity (Michel & Adams 2009 ) as was true for lined seahorses Hippocampus erectus feeding on grass shrimp Hippolyte zostericola in simulated seagrass habitat (James & Heck 1994 ). We did not find effects of seagrass habitat structure on predator activity levels, though we observed a weak trend for kelpfish to decrease activity levels with increasing structure when prey density was held constant. This trend may have been stronger if we had used higher levels of structural complexity; in fact, in follow-up experiments using simulated seagrass within mesocosms, kelpfish activity was significantly reduced at a higher shoot density (600 m −2 ) than used herein (K. Hovel unpubl. data).
We also did not observe changes in prey behaviors with habitat structure that minimize encounter rates with predators. We predicted that side switching by grass shrimp, which puts an opaque barrier between predator and prey, would be more frequent at low levels of structural complexity, but this was not observed. In contrast, grass shrimp Tozeuma carolinense exhibited strong reaction to predators by moving around seagrass blades and reducing time spent in motion (i.e. walking on blades: Main 1987) . Juvenile Pacific halibut were more likely to remain motionless when approached by a predator within structured habitat than within open sand (Ryer et al. 2004 ) and juvenile red king crabs associate with structure to a greater degree when predators are present than when they are absent (Stoner 2009 ). In addition to changes in behavior by individual prey organisms, prey may form groups that reduce per capita mortality rates, particularly at low levels of structural complexity (Anderson 2001). In experimental pools, sunfish schooled for protection from largemouth bass at low artificial stem densities and dispersed among stems at high stem densities (Savino & Stein 1982) . Swarming by mysids (Paramesopodopsis rufa) was effective at reducing per capita mortality in the absence of structural complexity, but the addition of structural complexity to experimental tanks reduced the effectiveness of swarming by disrupting the structure of the swarm (Flynn & Ritz 1999) .
CONCLUSIONS
Though structural complexity often varies substantially within and among patches and habitats, biotic and abiotic factors that covary with complexity may strongly influence predator-prey interactions. We demonstrated that prey density modifies the effects of seagrass structural complexity on predation, and that different components of predator-prey interactions respond to variability in prey density in different ways. Caveats of our study include the fact that we used relatively low levels of seagrass densities and prey densities in our experiments, as well as only one pair of predator-prey species. Our results should be extrapolated to other, denser seagrass habitats or to other species cautiously; more research is needed for other seagrass habitats and species, and to investigate interactions at higher levels of structural complexity and prey density. We worked in a controlled laboratory setting in which organisms were not able to choose among habitats or levels of structural complexity. In naturally occurring seagrass habitat, abiotic factors such as currents (that bend seagrass blades and affect swimming ability), turbidity (that influences detection ranges for predators and prey), water depth, temperature, and proximity to alternative patches and habitats (that allow prey an alternative means of avoiding predators) may interact with structural complexity and prey density to mediate predator-prey interactions. The presence of higher-order predators that represent a threat to mesopredators such as kelpfish also may strongly influence foraging behaviors and survival rates of epifaunal prey. Further research on the effects of structural complexity in marine systems and elsewhere should consider how factors that covary with habitat structure may add complexity to simple relationships between habitat structure and predation. 
